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FRQWDLQVD IODZRUGDPDJHFDQ UXQXQGHU WKHFRQGLWLRQRIVDIHRSHUDWLRQ WKH ODWWHU LV WRGHWHUPLQH WKH UHPDLQLQJ
VHUYLFH WLPHRISUHVVXUHYHVVHOFRQWDLQLQJGHIHFWV >@7KLVSDSHUPDLQO\VWXGLHV WKHUHVLGXDOVWUHQJWKDVVHVVPHQW
)LWQHVV)RU6HUYLFHDVVHVVPHQWVLVDQHFHVVDU\FRPSOHPHQWWRWKHTXDOLWDWLYHDQDO\VLVDQGZLWKWKHLPSURYHPHQWRI
WKHJXDUDQWHHXQGHUWKHSUHPLVHRIVDIHW\FRQVLGHUDEOHHFRQRPLFEHQHILWFDQEHUHFHLYHG>@
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IDFWRUVWKDWOHDGWRSLSHOLQHIDLOXUH:HVKRXOGILUVWGLVWLQJXLVKEHWZHHQWKHIDLOXUHIRUPVFDXVHGE\SLSHFUDFNDQG
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WKHQ HYDOXDWH LW 1HZ 5 PHWKRG GUDZV LQWR HODVWLFSODVWLF IUDFWXUH PHFKDQLFV UHVHDUFK UHVXOWV ,Q YLHZ RI WKH
PDWHULDOZKHWKHU DSSHDUV \LHOGJDS WZRGLIIHUHQWPHWKRGV DUH SXW IRUZDUG ,I/U LQ WKH IDLOXUH DVVHVVPHQW
FXUYH WKHHYDOXDWLRQPHWKRGLVVLPLODU WR WKHROG5EXWQHZ5DGGVDVWUDLQKDUGHQLQJSHUIRUPDQFHSDUDPHWHU
VXLWDEOHIRUGLIIHUHQW IDLOXUHDVVHVVPHQWFXUYH%HFDXVHHYDOXDWLRQFXUYH LQ WKHROG5LVFRQVWDQW WKHSUHPLVHRI
HYDOXDWLRQLVDVVXPHGWXELQJDVQRVWUDLQKDUGHQLQJ7KHPHWKRGLVURXJKVRWKHROG5LVRQO\IRUUHIHUHQFH
(35,DVVHVVPHQWPHWKRGLVEDVHGRQWKH-LQWHJUDOWKHRU\ZKLFKLVWRRFRPSOLFDWHGDQGLQH[DFW$60(,:%
 DVVHVVPHQW PHWKRG QRW RQO\ FRQVLGHUV WKH EULWWOH IUDFWXUH IDLOXUH DQG WKH SODVWLF EXFNOLQJ IDLOXUH EXW DOVR
DVVHVVHVWKHHODVWLFSODVWLFIUDFWXUH%6,3'DVVHVVHVE\&2'WKHRU\7KHFUDFNDVVHVVPHQWLQ%6PHWKRG
FRPELQHV ZLWK WKH %ULWLVK VWDQGDUGV LQVWLWXWLRQ FUDFN WLS RSHQLQJ GLVSODFHPHQW PHWKRG DQG 5 PHWKRG DSSOLHV
IDLOXUHDVVHVVPHQWGLDJUDP>@$3,53DOVRXVHVIDLOXUHDVVHVVPHQWGLDJUDP7KHKRUL]RQWDOD[LVRIWKLVJUDSKLV
WKH UHIHUHQFH VWUHVV DQG WKH UDWLR RI \LHOG VWUHQJWK /U WKH YHUWLFDO D[LV LV IUDFWXUH UDWLR .U 7KHQ FRPSDUH WKH
DVVHVVPHQWSRLQWVSRVLWLRQZLWKWKHIDLOXUHFXUYHLIWKHDVVHVVPHQWSRLQWLVEHORZWKHIDLOXUHDVVHVVPHQWFXUYHVDIH
LIWKHDVVHVVPHQWSRLQWLVDERYHWKHIDLOXUHDVVHVVPHQWFXUYHEHUHSDLUHGRUUHSODFHG
:LWKWKHJUHDW LPSRUWDQFHDWWDFKHGWRRLODQGJDVVDIHW\RXUFRXQWU\DOVRIRUPXODWHGDVHULHVRIVWDQGDUGV>@
VXFKDV WKH&9'$ WKH6$39DQGVRRQ7KHVHVSHFLILFDWLRQVPDLQO\HPSKDVL]H WKHHYDOXDWLRQRI
UHVLGXDOVWUHQJWK
$3,53LVDLQWHUQDWLRQDOSURMHFWZKLFKLVVXSSRUWHGE\WKH$PHULFDQSHWUROHXPLQVWLWXWHLQYROYHGE\
 IDPRXV FRPSDQLHV UHVHDUFK LQVWLWXWHV DQG VHUYLFH DJHQFLHV 7KH FUDFNOLNH IODZV )LWQHVV)RU6HUYLFH
DVVHVVPHQWV RQ$3,53 LV EDVHG RQ WKHPHWKRG RI IDLOXUH DVVHVVPHQW GLDJUDP )$'ZKLFK FDQ DFFXUDWHO\
DVVHVVZKHWKHU WKHHTXLSPHQW LQ VHUYLFHZLOO FRQWLQXH WR VHUYH7KLVPHWKRGKDVEHFRPHRQHRI WKHPRVWZLGHO\
XVHGZD\V DW SUHVHQW >@6R WKLV SDSHUZLOO FKRRVH$3,53 DV WKH EDVLV IRU FUDFNOLNH IODZVSUHVVXUH YHVVHO
)LWQHVV)RU6HUYLFHDVVHVVPHQWV
&UDFNOLNHIODZVSUHVVXUHYHVVHOV)LWQHVV)RU6HUYLFHDVVHVVPHQWVEDVHGRQ$3,53

)LJ2YHUYLHZRIWKH$VVHVVPHQW3URFHGXUHVWR(YDOXDWHD3UHVVXUHYHVVHOZLWK&UDFN/LNH)ODZV
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)LJ2YHUYLHZRIWKH/HYHO$VVHVVPHQW3URFHGXUHIRUD&UDFN/LNH)ODZ
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7KH FUDFNOLNH IODZV )LWQHVV)RU6HUYLFH DVVHVVPHQWV RQ $3, 53 FDQ HYDOXDWH WKH FRPSUHVVLRQ SUHVVXUH
YHVVHOVZKLFKLQFOXGHSUHVVXUHYHVVHOVSLSLQJDQGWDQNVWKDWDUHGHVLJQHGWRDUHFRJQL]HGFRGHRULQGXVWU\VWDQGDUG
7KLVHYDOXDWLRQZLOOEHGLYLGHGLQWRWKUHHOHYHOV>@EXWEHFDXVHRIWKHGLIIHUHQWGHILQLWLRQWKLVUDWLQJLVQRWXVHGLQ
WKH%6%63'HYDOXDWLRQOHYHO7KLVHYDOXDWLRQLVGLYLGHGLQWRHYDOXDWLRQRIOHYHOOHYHODQGOHYHO
ZKLFKLVDVHULHVRILQFUHPHQWDOVWHSVLIPHHWWKHVDIHW\FRQGLWLRQVRIOHYHODVVHVVPHQWWKHUHLVQRQHHGIRUOHYHO
DVVHVVPHQW%\ WKH VDPH WRNHQ LIPHHW WKH VDIHW\ FRQGLWLRQV RI OHYHO  DVVHVVPHQW WKHUH LV QR QHHG IRU OHYHO 
DVVHVVPHQW,QJHQHUDOZKHQXQDEOHWRGROHYHODQGOHYHODVVHVVPHQWRUWKHUHVXOWLVYHU\FRQVHUYDWLYHXVHVWKH
OHYHODVVHVVPHQW>@7KHFRPSLOHG VRIWZDUH LQ WKHSDSHU LV DLPHGDW OHYHODQG OHYHOZKLFKDUHXVHGPRUH
FRPPRQ7KHHYDOXDWLRQIORZFKDUWLVVKRZQLQ)LJDQGWKHVSHFLILFOHYHOHYDOXDWLRQIORZFKDUWLVVKRZQLQ)LJ

$VVHVVPHQWH[DPSOHDQDO\VLV
$FFRUGLQJWRWKH$3,53HYDOXDWLQJDSUHVVXUHYHVVHOFRQWDLQVFUDFNOLNHIODZVDVIROORZLQJ
$FUDFNOLNHIODZKDVEHHQIRXQGLQWKHORQJLWXGLQDOVHDPRQWKHLQVLGHVXUIDFHRIDF\OLQGULFDOSUHVVXUHYHVVHO
GXULQJDVFKHGXOHGWXUQDURXQG7KHYHVVHOGDWDDUHSURYLGHGEHORZ˖'HVLJQ3UHVVXUH 03D#ć,QVLGH
'LDPHWHU 'F  PP)DEULFDWHG 7KLFNQHVV WF PP8QLIRUP 0HWDO /RVV /266  &RUURVLRQ
DOORZDQFH )&$ 0DWHULDO 6$*UDGH :HOG -RLQW(IILFLHQF\  3:+7 1R7KH LQVSHFWLRQGDWD
DUHSURYLGHGEHORZ7KHIODZLVORFDWHGLQWKH+$=RIDORQJLWXGLQDOZHOGVHDPRQWKHLQVLGHVXUIDFHRIWKHYHVVHO
7KHORQJLWXGLQDOVHDPLVDGRXEOH9JURRYHZHOG7KHIODZLVSDUDOOHOWRWKHZHOGVHDP7KHGHSWKRIWKHIODZZDV
HVWDEOLVKHGE\87FRQVLVWHQWUHDGLQJVZHUHQRWHGDQGDILQDOYDOXHIRUWKHIODZGHSWKZDVHVWDEOLVKHGDWPP
7KHIODZOHQJWKZDVHVWDEOLVKHGE\07DQGLVPP7KHGLVWDQFHRIWKHFUDFNOLNHIODZWRWKHQHDUHVWVWUXFWXUDO
GLVFRQWLQXLW\LVPP7KHRSHUDWLQJ&RQGLWLRQVDUHSURYLGHGEHORZ7KHYHVVHOLVQRWIXOO\SUHVVXUL]HGXQWLOWKH
WHPSHUDWXUHLVć%HORZWKLVWHPSHUDWXUHWKHVWDUWXSSUHVVXUHUHPDLQVXQGHU03D$WVKXWGRZQWKHSUHVVXUH
LVGHFUHDVHGWR03DEHIRUHOHWWLQJWKHWHPSHUDWXUHGURSEHORZć
'HWHUPLQHLIWKHYHVVHOLVDFFHSWDEOHIRUFRQWLQXHGRSHUDWLRQ
4.1. Level 1 Assessment 

)LJ/HYHODVVHVVPHQW)LJXUH
 'HWHUPLQH WKH WHPSHUDWXUH WR EH XVHG LQ WKH DVVHVVPHQW EDVHG RQ RSHUDWLQJ DQG GHVLJQ FRQGLWLRQV 7KH
WHPSHUDWXUH XVHG LQ WKH DVVHVVPHQWZLOO EH WKHPLQLPXP WHPSHUDWXUH IRUZKLFK WKH SUHVVXUH LV DERYH 03D
7KHUHIRUH
7 ć
'HWHUPLQHWKHOHQJWKDQGGHSWKRIWKHFUDFNOLNHIODZIURPLQVSHFWLRQGDWD
D PP˗F PP
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'HWHUPLQHWKH)LJXUHIURPWKHOLVWEHORZWREHXVHGLQWKHDVVHVVPHQWEDVHGRQWKHSUHVVXUHYHVVHOJHRPHWU\
DQGFUDFNOLNHIODZRULHQWDWLRQZLWKUHVSHFWWRWKHZHOGMRLQW
,QWKLVH[DPSOHWKHIODZLVORFDWHGLQDORQJLWXGLQDOZHOGVHDPLQDF\OLQGULFDOYHVVHODQGLVSDUDOOHOWRWKHZHOG
MRLQWWKHUHIRUH)LJZLOOEHXVHG
'HWHUPLQHWKHVFUHHQLQJFXUYH
7KHFUDFNFRQGLWLRQLQWKLVFDVH7KHPD[LPXPIODZGHSWKUHSRUWHGIURP87PHDVXUHPHQWVLVPP7KH
FXUUHQWSUHVVXUHYHVVHOWKLFNQHVVLVPPWKHUHIRUHWKHPD[LPXPSHUPLVVLEOHIODZGHSWKIRUDQDVVHVVPHQWZLWK
óW VFUHHQLQJ FXUYH LV PP     PP  %DVHG RQ 1'( UHVXOWV WKH PD[LPXP IODZ GHSWK UHSRUWHG LV
PP7KHIODZLVLQDZHOGPHQWDQGWKHYHVVHOZDVQRWVXEMHFWWR3:+7DWWKHWLPHRIFRQVWUXFWLRQ
%DVHGRQWKHDERYHWKHóWVROLGOLQH&XUYH&RI)LJZLOOEHXVHG
˅'HWHUPLQHWKH5HIHUHQFH7HPSHUDWXUH
6$*UDGHLVD&XUYH%&DUERQ6WHHOZLWK³\V 03DWKHUHIRUH7UHIĬć
˅'HWHUPLQHWKHPD[LPXPSHUPLVVLEOHFUDFNIODZOHQJWKXVLQJ)LJ
˄ć˄ć˅ć˅ ć  
7KHUHIRUH FĬPP  
(YDOXDWH5HVXOWV
6LQFH
       C mm C mm6FUHHQLQJ&XUYH 0HDVXUHG   
WKHIODZLVQRWDFFHSWDEOH
The Level 1 Assessment Criteria are Not Satisfied 
4.2. Level 2 Assessment 
(YDOXDWHRSHUDWLQJFRQGLWLRQVDQGGHWHUPLQHWKHSUHVVXUHWHPSHUDWXUHDQGVXSSOHPHQWDOORDGLQJFRPELQDWLRQV
WREHHYDOXDWHG±7KHUHDUHQRVLJQLILFDQWVXSSOHPHQWDOORDGVSUHVVXUHLVWKHRQO\VLJQLILFDQWORDG
7 ćˈ3 03D
'HWHUPLQHWKHVWUHVVGLVWULEXWLRQDW WKHORFDWLRQRI WKHIODZ7KHSULPDU\VWUHVVGLVWULEXWLRQLVEDVHGRQWKH
DSSOLHGORDGV
D3ULPDU\6WUHVV
7KHIODZLVORFDWHGDZD\IURPDOOPDMRUVWUXFWXUDOGLVFRQWLQXLWLHV7KHUHIRUHWKHSULPDU\VWUHVVDWWKHZHOGMRLQW
SHUSHQGLFXODUWRWKHFUDFNIDFHLVDPHPEUDQHKRRSVWUHVV
  cm m
c
P RP MPa
E t
V      
3E 03D
E6HFRQGDU\6WUHVV
7KHUPDOJUDGLHQWVGRQRW H[LVW LQ WKHYHVVHO DW WKH ORFDWLRQRI WKH IODZ DQG WKH IODZ LV ORFDWHGDZD\ IURPDOO
PDMRUVWUXFWXUDOGLVFRQWLQXLWLHV7KHUHIRUHWKHUHDUHQRVHFRQGDU\VWUHVVHV
F5HVLGXDO6WUHVV
7KHIODZLVORFDWHGDWDZHOGPHQWLQDYHVVHOWKDWZDVQRWVXEMHFWWR3:+7DWWKHWLPHRIIDEULFDWLRQ
 rys ys MPa MPaV V     
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,WKDVEHHQYHULILHGWKDWWKHFUDFNOLNHIODZZDVLQWKHYHVVHOGXULQJDILHOGK\GURWHVWSUHYLRXVO\SHUIRUPHGDVSDUW
RIDUHUDWH7KHUHIRUHWKHUHVLGXDOVWUHVVPD\EHUHGXFHG7KHFLUFXPIHUHQWLDOPHPEUDQHVWUHVVGXULQJK\GURWHVWLV
FDOFXODWHG
6ć 03D#ć
6$PELHQW 03D#$PELHQW
'HWHUPLQHWKHPDWHULDOSURSHUWLHV\LHOGVWUHQJWKWHQVLOHVWUHQJWKDQGIUDFWXUHWRXJKQHVV0DWHULDOSURSHUWLHV
IRU WKH SODWH FRQWDLQLQJ WKH IODZ DUH QRW DYDLODEOH WKHUHIRUH WKH VSHFLILHGPLQLPXP VSHFLILHG \LHOG DQG WHQVLOH
VWUHQJWKDUHXVHG%DVHGRQWKHPDWHULDOVSHFLILFDWLRQDQGJUDGHWKHPDWHULDOIUDFWXUHWRXJKQHVVLVHVWDEOLVKHGXVLQJ
WKHORZHUERXQGFXUYH
ys MPaV   uts MPaV  
 H[S>7 7 @ IC refK MPa m     
'HWHUPLQHWKHFUDFNOLNHIODZGLPHQVLRQVIURPLQVSHFWLRQGDWD
D PP˗F PP
0RGLI\WKHSULPDU\VWUHVVPDWHULDOIUDFWXUHWRXJKQHVVDQGIODZVL]HXVLQJ3DUWLDO6DIHW\)DFWRUV%DVHGRQD
ULVNDVVHVVPHQWLWZDVGHFLGHGWKDWWKHPRVWDSSURSULDWHSUREDELOLW\RIIDLOXUHWRXVHLQWKH))6DVVHVVPHQWZRXOG
EH
S f
 7KHPHDQIUDFWXUHWRXJKQHVVWRVSHFLILHGPLQLPXP\LHOGVWUHQJWKUDWLR5N\LVUHTXLUHGWRGHWHUPLQH
WKH3DUWLDO6DIHW\)DFWRUV
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7KHQˈ36)VP 36)VE ˗36)N ˗36)D 
7KHSULPDU\VWUHVVSUHVVXUHRQWKHFUDFNIDFHIUDFWXUHWRXJKQHVVDQGIODZVL]HDUHIDFWRUHGE\WKH3DUWLDO6DIHW\
)DFWRUVDVIROORZV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  m MPa MPa  3   
  bP MPa MPa    
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E3ORWWKHDVVHVVPHQWSRLQWRQWKH)$'VKRZQLQ)LJ
$WWKHEDVHRIWKHIODZ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˗7KHSRLQWLVLQVLGHWKH)$'
$WWKHHGJHRIWKHIODZԄ e˖
˄/Uˈ.U˅ ˈ˗7KHSRLQWLVLQVLGHWKH)$'
7KH/HYHO$VVHVVPHQW&ULWHULDDUH6DWLVILHG7KHYHVVHOLVDFFHSWDEOHIRUFRQWLQXHGRSHUDWLRQ


)LJ7KH)DLOXUH$VVHVVPHQW'LDJUDP
&UDFNOLNHIODZV)LWQHVV)RU6HUYLFHDVVHVVPHQWVVRIWZDUHSURJUDPPLQJ


)LJ7KH6RIWZDUH,QWHUIDFHRI/HYHODVVHVVPHQW
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
)LJ7KH6RIWZDUH,QWHUIDFHRI/HYHODVVHVVPHQW
)URP WKH HYDOXDWLRQ RI WKH DERYH VWHSV DQG H[DPSOHV ZH FDQ VHH WKH FUDFNOLNH IODZV ILWQHVVIRUVHUYLFH
DVVHVVPHQWVSURFHVV LV YHU\ FRPSOH[ HVSHFLDOO\ WKH /HYHO HYDOXDWLRQ ZKLFK QHHG FRPSOLFDWHG PDWKHPDWLFDO
FDOFXODWLRQ7KHUHIRUH,GHYHORSHGFUDFNOLNHIODZVSUHVVXUHYHVVHOVILWQHVVIRUVHUYLFHDVVHVVPHQWVVRIWZDUHEDVHG
RQ$3,53
7KHFKDUDFWHULVWLFVRI WKHVRIWZDUHDUH7DNH9LVXDOVWXGLRDQG6TOVHUYHUDVGHYHORSPHQWSODWIRUPXVHF
ODQJXDJH DQGGDWDEDVH VWRUDJH REWDLQHG WKH HYDOXDWLRQ VRIWZDUHEDVHGRQ WKH%6 VWUXFWXUH7KHPDQPDFKLQH
GLDORJXHLQWHUIDFHLVIULHQGO\7KHRXWSXWLVVWUDLJKWIRUZDUGWKHHYDOXDWLRQUHVXOWVFDQEHREWDLQHGGLUHFWO\DIWHU
WKH EDVLF SDUDPHWHUV (QKDQFHG IHDWXUHV DQG IXQFWLRQDOLW\ FDQ HYDOXDWH SLSHOLQH SUHVVXUH YHVVHO DQG VR RQ
)LJDQG)LJDUHWKHVRIWZDUHLQWHUIDFHIRUWKHXVHRIWKHDERYHH[DPSOHHYDOXDWLRQ
6XPPDU\
7KURXJK WKH))6DVVHVVPHQWV  FUDFNOLNH IODZSUHVVXUHYHVVHOVFDQEHGHWHUPLQHG WRFRQWLQXHZRUNRUQRW ,I
OHYHODVVHVVPHQWRU OHYHODVVHVVPHQW LVVDWLVILHG WKHSUHVVXUHYHVVHOFDQEHJRRQVHUYLFHRU WKHH[SHULHQFHG
H[SHUWVVKRXOGPDNHUHHYDOXDWLRQRUWKHSUHVVXUHYHVVHOZLOOEHUHSDLUHGUHSODFHGRUUHWLUHG,QWKLVFDVHWKHUHVXOWV
))6DVVHVVPHQWVLVVDWLVI\LQJWKXVLWFDQFRQWLQXHIRUVHUYLFH
7KURXJKWKHFRPSDULVRQRIVRIWZDUHFDOFXODWLRQUHVXOWVDQGWKHUHVXOWVE\KDQGZHFDQSURYHWKHFRUUHFWQHVVRI
WKH VRIWZDUH HVWDEOLVKPHQW ,W ZLOO UHGXFH WKH ZRUNORDG RI HYDOXDWLRQ SURFHVV JUHDWO\ LPSURYH WKH HYDOXDWLRQ
HIILFLHQF\ UHGXFH WKHGLIILFXOW\RIHYDOXDWLRQ WRXVH WKHVRIWZDUH WRHYDOXDWH WKHFUDFNOLNH IODZSUHVVXUHYHVVHOV
%XWWKHVRIWZDUHLVVWLOOUHODWLYHO\URXJKDQGVRPHGHWDLOVFDQ¶WEHIXOO\LQFOXGHGZKLFKQHHGWREHIXUWKHULPSURYHG
7KHUHIRUHIXUWKHUVWXG\LVQHHGHGEHWWHUWRSURYLGHDUHIHUHQFHEDVLVWRWKHVDIHRSHUDWLRQRIORQJGLVWDQFHSLSHOLQH
$FNQRZOHGJHPHQWV
,
GOLNHWRWDNHWKLVRSSRUWXQLW\WRVKRZP\VLQFHUHJUDWLWXGHWRP\WHDFKHUV0U=KDQJDQG0U'XDQZKRKDYH
JLYHQPHVRPXFKXVHIXODGYLFHVRQP\ZULWLQJDQGKDYHWULHGWKHLUEHVW WR LPSURYHP\SDSHU7KHQ,¶GOLNHWR
H[SUHVVP\JUDWLWXGHWRP\FODVVPDWHVZKRRIIHUHGPHUHIHUHQFHVDQGLQIRUPDWLRQRQWLPH
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